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LITHOLOGY AND LITHIUM CONTENT OF SEDIMENTS IN BASINS SURROUNDING 

CLAYTON VALLEY, ESMERALDA AND NYE COUNTIES, NEVADA

By 
Michael P. Pantea, Si grid Asher-Bolinder, and James D. Vine

Introduction
The following pages are the lithologic and lithium logs of core drilled 

in the valleys adjacent to Clayton Valley, Nevada. The drilling was done to 
determine if rock geochemistry of these adjacent valleys could clarify the 
origins and geochemistry of Clayton Valley, which contains a commercial 
lithium brine field.

Drilling was performed in September 1979, under terms of an interagency 
cooperative agreement with the Division of Energy Storage Systems and the 
Divisions of Uranium Resources and Enrichment of the U.S. Department of 
Energy. Chemical analyses were performed by the U.S. Geological Survey, 
Denver, Colorado.

Occupying depressions in the Basin and Range physiographic province, 
Alkali Valley, Big Smokey Valley, Fish Lake Valley, Mud Lake, and Stonewall 
Flat are closed basins peripheral to Clayton Valley. Anomalous amounts of 
lithium are present in the clays and brines of Clayton Valley (Kunasz, 1974), 
and drilling was done in the adjacent valleys (fig. 1) having a similar 
geologic history (Vine, 1980). Present topography of Clayton Valley and the 
surrounding area was mostly established by late Tertiary time, but faulting 
has continued to the present, uplifting some parts of the original basins 
hundreds of feet (Turner, 1900).

These valleys may have held Pleistocene lakes (Meinzer, 1922), 
independent of one another, or the lakes possible may have been connected 
(Turner, 1900). Though the present playas maintain an individual identity as 
evidenced by their varied lithologies, there may be active movement of ground 
water from the topographically high valleys of Alkali, Big Smokey, Fish Lake, 
Mud Lake, and Stonewall Flat to the topographic low of Clayton Valley (Rush 
and others, 1971). This movement may be a cause for the increased Li 
concentration in the brines of Clayton Valley.
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Alkali Valley
Alkali Valley is a closed basin bounded by the Weepah Hills to the west, 

Clayton Ridge and Montezuma Range to the south, Mud Lake and northern 
Goldfield Hills to the east, and the San Antonio Mountains and Montezuma 
Valley to the north. A playa approximately 5 miles long and 1 mile wide 
occupying about 5.5 miles^ is in the lowest point of the valley. Two drill 
sites are in the valley; AF-15 is on the barren southern playa surface at lat. 
37°51' N. and long. 117°24' W. AF-16 is in the northeast part of the valley 

on a pediment slope, at lat. 37°54' N. and long. 117°18' W. by a power line 
road.

AF-15 penetrated to a depth of 675 feet encountering mostly clay to 475 
feet then tuffaceous clay, then entirely tuff by hole bottom (fig. 2).

A lithium value of 727 ppm parts per million was found at 280 feet in a 
calcareous clay; this is the highest lithium value found in the test holes. 
Lithium values in the sediments ranged from 42 ppm to 727 ppm and averaged 
258.1 ppm for 139 samples analyzed. Dissolved lithium in a ground water, 
ranged from 290 ppb parts per billion at 675 feet to 380 ppb at 435 feet 
(Asher-Bolinder and others, 1980).

AF-16 penetrated to a depth of 515 feet. Sediments were gravel and muddy 
gravel to 340 feet grading to mud at hole bottom (fig. 3).

Lithium values in sediments ranged from 24 ppm to 240 ppm, averaging of 
83.6 ppm for 72 samples analyzed. Dissolved lithium in ground water ranged 
from 180 ppb at 100 feet to 490 ppb at 515 feet (Asher-Bolinder and others, 
1980).

Big Smokey Valley
The playa in the southern end of Big Smokey Valley, is approximately 2 

miles wide and 9 miles long. The playa, covering about 17 miles^ is 
surrounded by Lone Mountain and the Weepah Hills to the east, Clayton Valley 
and the Silver Peak Range to the south, Silver Peak Range and Columbus Salt 
Marsh to the west, and the Monte Cristo Range and the expanse of Big Smokey 
Valley to the North.

Two holes were drilled in the playa depression; BS-13 near a power line 
road just outside the northeast part of the playa itself at lat. 38°02' N. and 
long. 117°37' W. BS-14 is southwest of the playa at lat. 37°57' N. and long. 
117°42' W.
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BS-13 terminated at 675 feet in a calcareous mudstone. The sediments 
penetrated were mostly calcareous mud, and some beds of sand and clay (fig. 
4). Lithium values ranged from 48 ppm to 364 ppm and averaged 160.6 ppm for 
117 samples analyzed. Dissolved lithium in ground waters ranged from 100 ppb 
at 495 feet to 1,700 ppb at 395 feet (Asher-Bolinder and others, 1980).

BS-14 terminated at 215 feet in muddy gravel. The sediments are mostly 
gravel with some beds of clay or mud (fig. 5). Lithium values of the 
sediments ranged from 40 ppm to 287 ppm and averaged 150.6 ppm for 12 samples 
analyzed. Dissolved lithium in ground water went from 820 ppb at 195 feet to 
1,300 ppb at 135 feet (Asher-Bolinder and others, 1980).

Fish Lake Valley
Fish Lake Valley is cresent shaped with a playa in the northern end. The 

playa is approximately 1.5 miles wide and 3.5 miles long and 3 miles^ in area. 
The playa is surrounded by the Silver Peak Range to the east and south, the 
expanse of Fish Lake Valley, the Volcanic Hills and White Mountains to the 
west, and Columbus Salt Marsh to the north.

Four drill sites were chosen in the playa depression; FL-11 is about 
3 miles south of the playa itself at lat. 37°49' N. and long. 117°58' W.; FL- 
lla is about 1,500 feet to the west of FL-11. FL-12 is on the southeastern 
edge of the playa at lat. 37°52' N. and long. 117°56' W.; FL-12a is located 
about 40 feet south of FL-12.

FL-11 was terminated at 235 feet due to drill rig problems. Sediments 
penetrated were mostly calcareous clays (fig. 6). Lithium values of the 
sediments ranged from 9 ppm to 99 ppm, and averaged 52.3 ppm for 45 samples 
analyzed. One ground water determination for dissolved lithium was made; and 
yielded a value of 30 ppb at 155 feet (Asher-Bolinder and others, 1980).

FL-lla terminated at 450 feet in a sandy clay after penetrating mostly 
clay and some beds of gravel or sand (fig. 7). Lithium values for the 
sediments ranged from 10 ppm to 115 ppm and averaged 61.7 ppm for 67 samples 
analyzed. Dissolved lithium in ground water went from 160 ppb at 435 feet to 
21,000 ppb at 55 feet (Asher-Bolinder and others, 1980).
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î

^

1

CALCAREOUS

MI in r\o ui inn v

MUDSTONE

wLM l Ur\ OLHTCT

CLAYSTONE

SAND OR SILT

MICACEOUS 

SANDSTONE

GRAVEL

PUMICE

SILICEOUS

ASH

nl_ 1 uf\c J

VOLCANIC 

ARKOSIC

CONGLOMERATE

TUFFACEOUS

SHELL FRAGMENTS 

ZEOLITE CEMENT

NO DATA
 

RED

YELLOW i

YELLOW RED t

GRAY YELLOW f
V

GREEN ^

BLUE ^

BLUE GRAY

WHITE OR GRAY 1

1 T~^
^ i

^x«^<~v

~c~xcf=
"̂ ---"-" -

*   **.

C£
.0 ^>
> < *
'v >4<>

V*
* *

H 
u
" //

//

//

i*^

C c

C c

T TT7
*~ <r- 
^- <>- 

2 t

><J
< N

 

UJj|

*^ ^N^^^7^
XX X^-h +
^
_ i

Figure 5. Lithologic log in feet, lithium concentration log in ppm, and color 

log for sediments in BS-14.

11



O-i

ID- 

20

30-

kQ

50

60

70 

80

90 

100 

110 

120 

130-

li+ 0 

i c n

160

170-

180 

190-

200

^ i n

220 

230 

gggg^egasgas
T /SJ^jflfr^feAp-jj.

_£*23Z^ShZ2!XBCSSr^^^^3EF   ^ ^r^^^. i ^^^^c*^^

 * ;.'  ?  "».  *
*i*./ * '  *  

';    . .^tf^. '. . ilLf* .

3C^322St^^2H^KCZ!^^fc

r^- -H-.'.-ri TH-
^ ---lc*-A-    A- 
-rfc'r^.i-r-u.. -*! ' -

^-i- ^- T -*T
-   i      *     I-
-.1. .t 1' .i   .i   

i-1- * £   ̂i1-

St^^^^^
1-CL^ -'T:^-

^A.^  T^TL^^

i-     i I"* 
 *    A * 4. ' . --.^.-.^-1-  ^t-.   * ' 1
"*. -\ '^L-
*LL ± -L ~^±-

*-i   '   i   ̂     .f^f^f : <v\

  " .         

  .~irl> . ; ' TT.  . .:   . » -*i -i .-i

-1- -i-'l-^ . -4^ .-!- 
'\/^^X <^ />X%/>> « f^^S** L^^^N

ry^.^   i^jT'i   '. *^jn 1

-T**^i    fa**lZj

-«*O-^ -^i^  ,-^C£>

jcr^fedu- T^^^K
^r^ft^^j^

    ±-j    a    i'vw>  '  w
^>/\^. I/^^NXN ^jfv>^v -J

' '. ' . '    ̂ -.^Cvi'

A 1- A ^

'V^^^   *     ^v^*^.     -

-^CT^^piJL   

.d^^W^tvd
> /!. : /.'F^^

^^S^^^"

3^t^^?^^"
^ 3j BOTTOM OF HOLE

h
h

L,

\
r/i

!
1d

r̂^̂
in

_r

m

\\\\X

\N\\V
A X 

^ Xx * 
\\\v

^ V ^

x * x
x x

\\\\x

\\\ x̂

CALCAREOUS 

MUD OR MUDDY 

MUDSTONE 

CLAY OR CLAYEY 

CLAYSTONE 

SAND OR SILT 

MICACEOUS 

SANDSTONE

GRAVEL

runitt 

SILICEOUS

ASH 

ALTERED

VOLCANIC

ARKOSIC 

CONGLOMERATE

TUFFACEOUS

SHELL FRAGMENTS

ZEOLITE CEMENT 

NO DATA

RED

YELLOW 

vci i nu urn

GRAY YELLOW

GREEN

BLUE

BLUE GRAY 

WHITE OR GRAY

fi i
^ i

~ ~

-  

*..'..

- -."\r " w

;ov.o<?

^vX

r*** * *«;
^ 
$$
c c

c« 

^V
f- 0-

r**-

*  i.

X
- ,

Jlli
dN«x X
XXX++v
__

oooooooioi o 
  i cvjo ji/xnr^co &> o

Figure 6. Lithologic log in feet, lithium concentration log in ppm, and color

log for sediments in PL-11.
12



20 j  _- /

30 4

110 .' '-

130 

160 C
-t-*-

170-

210-

250   -

CONTINUED

\\\\J

250- 

260- 

270-j

280 

290-t 

300 

310 t 

320 

330  

3UO   

350 

360   

370 

380   

390  

i+OO

i+30-

"o-o -0 .  »
  , "^ (J '' '

o(7 <0

itSO-

BOTTOM OF HOLE

i i i ; i ; ; i i [ i
oooioo o ̂ o oo

Figure 7.--1ithologlc log 1n feet, lithium concentration log 1n parts per 
million, and color log for sediments 1n FL-lla

13



CALCAREOUS

MUD OR MUDDY

MUDSTONE

CLAY OR CLAYEY

CLAYSTONE

SAND OR SILT

MICACEOUS

SANDSTONE

GRAVEL

PUMICE

SILICEOUS

ASH

ALTERED

VOLCANIC

ARKOSIC

CONGLOMERATE

TUFFACEOUS

SHELL FRAGMENTS

ZEOLITE CEMENT

NO DATA

RED

YELLOW

YELLOW RED

GRAY YELLOW

GREEN

BLUE

BLUE GRAY

WHITE OR GRAY

> <

II
_II

c
C c

^

X X X]-f-

Figure 7. Lithologic log in feet, lithium concentration log in ppm, and color

log for sediments in FL-lla.
14



FL-12 was terminated at 155 feet in a clayey gravel due to drill rig 
problems. On the basis of salvaged samples, most sediments penetrated were 
mud or clay, and some gravel beds (fig. 8). Lithium values of the sediments 
ranged from 65 ppm to 240 ppm and averaged 139.6 ppm for 11 samples 
analyzed. One ground-water sample taken at 115 feet was analyzed and found to 
contain 5,700 ppb dissolved lithium (Asher-Bolinder and others, 1980).

FL-12a penetrated to a depth of 320 feet terminating in clayey gravel. 
Sediments penetrated were clay, gravel, or clayey gravel (fig. 9). Lithium 
values for the sediments ranged from 30 ppm to 409 ppm and averaged 135.9 for 
27 samples analyzed. The highest lithium value for the holes drilled in Fish 
Lake Valley was 409 ppm at 260 feet in FL-12a. Dissolved lithium in ground 
water ranged from 420 ppb at 155 feet to 890 ppb at 135 feet (Asher-Bolinder 
and others, 1980).

Additional analyses were done on 29 samples from FL-lla to determine 
fluorine, thorium, and uranium, and boron concentrations (table 1). It was 
found that fluorine was somewhat proportional to lithium concentrations from 
the same sediments. Uranium was not proportional to either fluorine or 
lithium.

Mud Lake
Mud Lake playa occupies a depression in the southern end of Ralston 

Valley. The playa is approximately 5 miles wide and 5 miles long, and is 
about 25 miles^ in area. The playa is bounded by the Cactus Range and Monitor 
Hills to the east, Goldfield Hills to the south, Alkali Valley to the west, 
and the expanse of Ralston Valley to the north.

Hole ML-17 is on the northern edge of the playa at lat. 37°54' N. long. 
117°04' W. ML-17 penetrated mostly sand and an occasional layer of clay, 
terminating in sandstone at 275 feet (fig. 10). Lithium values of the 
sediments ranged from 24 ppm to 75 ppm and averaged 33.5 ppm for 28 samples 
analyzed.

Stonewall Flat
Located in the western part of the basin, the playa is approximately 0.5 

miles wide and 3 miles long, and is about 1.5 miles^ in area. The playa is 
bounded by the expanse of Stonewall Flat to the east, Stonewall Mountain to 
the south, Jackson Ridge to the west, and Goldfield Hills to the north.

15



The drill site, SF-18 is in the west-central part of the playa at lat. 
37°32' N. long. 117°08' W. SF-18 penetrated mostly gravel and some beds of 
mud and sand, terminating in muddy gravel at 250 feet (fig. 11). Lithium 
values for the sediments ranged from 3 ppm to 121 ppm and averaged 33.9 ppm 
for 90 samples analyzed. One ground-water sample was taken at 455 feet and 
was found to contain 160 ppb dissolved lithium.
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